In this paper, we have analyzed the effects of iron ions intercalations on lead-tellurate glasses by investigations of FTIR, Raman and UV-VIS spectroscopy. The homogeneous glass system has compositions xFe 2 O 3 ·(100-x)[4TeO 2 ·PbO 2 ] where x = 0-60 mol%.
Introduction
Oxide glasses including transition metal ions were extensively studied due to their semiconducting properties [1] [2] [3] [4] [5] [6] . The conduction in ternary iron oxide glasses was confirmed to be due to hopping conduction of polaron [7] .
The structural role of lead oxide in many oxide glasses is unique since lead oxide is known to play a dual role both as a network modifier and former [1, 8, 9] . This role depends on the type of bond between lead and oxide. These studies proposed that at high content of PbO [7, 8] , it would become difficult to form a network structure of binary glasses.
The structure and the properties of the oxide glasses are dependent strongly on the nature and the concentration of the constituent oxides. In normal glass system, the modifier atoms cause the network to break. In tellurate glasses, the modifier atoms cause the modification of the basic structural units such as [TeO 4 ] trigonal bipyramid and [TeO 3 ] trigonal pyramid with one of the equatorial position occupied by a lone pair of electrons [9] .
The objective of this work is to analyze the structural and spectroscopic properties iron-leadtellurate glasses by investigations of FTIR, Raman, UV-VIS spectroscopy and DFT calculations. Particular attention is devoted to understand the role played by lead and iron ions in the determining the structural properties of the glasses.
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The FT-IR absorption spectra of the glasses in the 370-1200 cm -1 spectral range were obtained with a JASCO FTIR 6200 spectrometer using the standard KBr pellet disc technique.
The spectra were carried out with a standard resolution of 2 cm -1 .
UV-Visible absorption spectra of the powdered glass samples were recorded at room temperature in the range 250-800 cm -1 using a Perkin-Elmer Lambda 45 UV/VIS spectrometer equipped with an integrating sphere. These measurements were made on glass powder dispersed in KBr pellets.
The Raman spectra have been recorded for bulk glasses using an integrated FRA 106 Raman module in a 180° scattering geometry, at room temperature. The spectral resolution was 1cm -
The geometry optimization of the proposed structural model was carried out using the density function theory (DFT). The DFT computations were performed with B3PW91/CEP-4G/ECP method using the Gaussian'03 program package [10] . With the adding of Fe 2 O 3 in the host matrix which tend to coordinate with Fe +3 , will contribute to coordinate with glass former cation ions. According to the electronegativity theory, the covalency of the bond will become stronger with the decrease of the difference of electronegativity between cation and anion ions. Since the values of electronegativity, for Te, 
Results and discussion

FTIR spectroscopy
UV-VIS spectroscopy
The iron is present in glasses as Fe +2 and Fe +3 ions, both of which can exist in tetrahedral and octahedral sites [20] [21] [22] [23] [24] [25] . Each redox and coordination state produces its own set of characteristic optical absorption bands. The majority of Fe +3 ions are believed to occupy tetrahedral network-forming sites in glasses, although this has been disputed [20] [21] [22] [23] .
Conversely, the majority of Fe +2 ions are through to occupy octahedral network modifying sites [21, 24, 25] .
Fe +2 produce an oxygen-iron charge transfer band centered in the ultraviolet [26] . Spinforbidden bands are also expected in the 450-550 nm, but have been ignored in most studies of iron absorption in glasses. Then, Fe +2 ions yield two main spin allowed d-d absorption bands located at about 1100 nm and has been attributed to a range of distorted octahedral sites. Accordingly, the energy diagram of the 3d 6 configuration (Fe +2 ) indicates that its spectrum will consist essentially of a single band in the infrared region as well as a number of very weak spin-forbidden bands in the visible and ultraviolet regions.
The Fe +3 ions produce a more complicated set of absorptions than Fe +2 . Since the Fe +3 ion has a d 5 configuration, all d-d transitions are forbidden by spin-selection rules [27] . This means they are approximately 10-100 times less intense than spin-allowed transitions. The majority of Fe +3 d-d bands are observed at wavelength in the 325-450 nm region, although some Fe +3 bands are observed at wavelength as low as 700 nm.
The UV-VIS absorption spectra of xFe 2 O 3 ·(100-x)[4TeO 2 ·PbO 2 ] glasses with x = 0-60 mol% are shown in Fig. 2 . The examinations of these spectra show that the characteristic UV-VIS bands are modified namely: i) For all glasses, the UV absorption bands begin at 250 nm by an ascending lobe. These UV absorption bands are assumed to originate lead tellurate host matrix. The stronger transitions in the UV-VIS spectrum can be due to the presence of the Te=O bonds from [TeO 3 ] structural units and Pb=O bonds from [PbO 3 ] structural units which allow n-π * transitions. Ions Pb +2 with s 2 configuration absorb strongly in the ultraviolet and yield broad emission bands in the ultraviolet and blue spectral area. The intense band obtained centered at about 310 nm corresponds to the Pb +2 ions [28] .
ii) By introduction of low Fe 2 O 3 content (x ≤ 5 mol%) in the host matrix, the formation of new absorption UV bands is dominant. These bands located in the 320-450 nm region are due to the presence of the Fe +3 ions. Then, the intensity of absorption band located at about 250 nm increases and the iron in some cases is reduced to Fe +2 by trapping electrons [29] . Some weak bands appear in the 450-550 nm region. These bands show that some Fe +3 were converted to Fe +2 ions.
Such tendency can be interpreted by the conversion of the Fe +3 to Fe +2 species and the same time of the present Pb +2 ions are oxidized to Pb +4 ions. Based on these experimental results, we propose the following possible redox reactions:
The increase of intensity of the band situated near 300 nm can be attributed the formation of new Pb=O bonds from [PbO 3 ] structural units.
iii) The addition of Then, the kink located at about 430 nm is characteristic of Fe +3 ions in octahedral symmetry.
Also, it is suggested that some of the Fe +2 ions present capture positive holes and are converted to Fe +3 according to the following photochemical reactions:
It seems that some of the Fe +2 ions capture positive holes and are transferred to Fe +3 ions through photochemical reaction. This mechanism explains the observed increase in the UV region.
The observed continuous increase of the UV band intensity with adding of the Fe 2 O 3 content can be related to the progressive growth of induced color centers. This color center is obviously correlated with the transformation of Fe +2 to Fe +3 ions by capturing positive holes.
In brief, UV-VIS spectroscopic data show two mechanisms: i) the conversion of the Fe +3 to Fe +2 species in same time with the oxidation of Pb +2 to Pb +4 ions for sample with smaller Fe 2 O 3 content; ii) when the Fe 2 O 3 content is higher (x ≥ 50mol%), the Fe +2 ions capture positive holes and are transferred to Fe +3 ions through photochemical reaction while the Pb +2 ions are formed by reduction of the Pb +4 ions.
The conduction in ternary iron oxide glasses was confirmed to be due to hopping conduction of polaron [1, [4] [5] [6] [7] . In the conduction of these glasses, a valence change, Fe +2 → Fe +3 + etakes place between two iron ions in the glass. The Fe +3 ions in excess are sixfold coordinated and the remaining Fe +3 ions are in fourfold coordinated. The redox can also control the tetrahedral to octahedral Fe +3 ratio: an increase of Fe +3 leads to an increase of octahedral Fe +3 .
DFT calculations
In the quantum chemical calculations we will use the IR and UV-VIS data in order understand of the local structure 50Fe 2 O 3 ·50[4TeO 2 ·PbO 2 ]. Similar methodology has previously been reported to study other glasses [30] [31] [32] [33] [34] . The study on structural modifications of the vitreous network and the equilibrium geometry were found by optimization ( Fig. 3 ).
There are some sites in our model ( Fig. 3 [35] reveals that in the iron glasses, the Fe-O bond length is equal to 1.86-1.88 Å in the [FeO 4 ] tetrahedral structural units. The distance of 1.93 Å is intermediate between that corresponding to tetrahedral (1.88 Å) and octahedral (2.00 Å) coordinated iron [36] . Therefore, it is expected that in this sample, the iron atoms occupy both tetrahedral and octahedral sites. The majority of Fe +3 ions are believed to occupy tetrahedral network-forming sites in glasses while the majority of Fe +2 ions are through to occupy octahedral network modifying sites. Then, the reduction of Fe +3 to Fe +2 always acts a network modifier, forms [FeO 6 ] structural units during glass melting is possible.
Additionally, the EXAFS analysis [35] disclosed that the coordination number of iron depends on the Fe 2 O 3 concentration. Accordingly, the number of the oxygen atoms attached in the [FeO 4 ] structural units decreases when the Fe 2 O 3 concentration increases suggest that the tetrahedral coordination of iron into the glass is destroyed.
The distribution of the electronic states of the HOMO and LUMO can be seen in Fig. 4 . An interesting finding in these systems is that:
i) The HOMO gives character of electron donor for the [TeO 4 ] structural units.
ii [39, 40] . One evidence in support is that the relative intensity of this band increases with the increasing of Fe 2 O 3 content of the glasses from x = 1 to 40 mol% Fe 2 O 3 , after that its intensity decreases evidently. This shows that the high doped with The fact that this band is very strongly polarized also indicates a high degree of symmetry of the nearest neighbors of lead atoms [39] . Except the drop of the intensity of 135 cm - [41] . For sample with x = 60 mol%, supplementary, well-defined 13 Raman band appears around 415 cm -1 . This band is due to the covalent Pb-O bond vibrations [42, 43] .
For higher Fe 2 O 3 content, the Raman spectra revealed a greater degree of depolymerization of the vitreous network than do the FTIR spectra. It seems that the Raman spectroscopy is a more sensitive technique to the changes that appear in the short-range order of our glass structure at Fe 2 O 3 addition.
Conclusions
We were analyzed the effects of iron ions on structure of the lead-tellurate glasses by investigations of FTIR, Raman and UV-VIS spectroscopy. Based our results, we conclude 
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